A useful objective measurement of functional in tegrity of the brain in chronic alcoholic subjects has been measurements of CBF. CBF values measured among chronic alcoholic subjects have generally been reduced in a manner that correlates with the degrees of neurological and cognitive impairment and with the degree of brain atrophy measured by computed tomography (C T) scanning, (Battey et aI. , 1953; Fazekas et aI. , 1955; Hedlund et aI. , 1964; Shimojo et aI. , 1967; Berglund and Ingvar, 1976; Heiss et aI. , 1976; Kruger and Hoyer, 1979; Ber glund et aI. , 1980; Berglund, 1981; 10hannesson et aI. , 1982; Rogers et aI. , 1983; Meyer et aI. , 1985) .
However, in reviewing world literature, it is often unclear whether the patients reported were suf fering from the neurotoxic effects of alcohol alone or from malnutrition and thiamine deficiency sec ondary to alcoholism producing signs of Wernicke Korsakoff syndrome. Likewise, a similar problem exists regarding reports of reversibility of brain atrophy after withdrawal from alcohol: namely, whether the patients were suffering from Wernicke Korsakoff syndrome or the neurotoxic effects of alcohol or both. Carlen et al. (1978) reported that four of eight alcoholic subjects who abstained from alcohol showed unspecified functional improve ment as well as reversal of brain atrophy as judged by serial brain scanning utilizing CT. Ron et al. (1982) also reported partial reversal of brain atrophy by serial CT scanning after 8 months of abstinence among persons with chronic alcoholism, although Hill and Mikhael (1979a) from similar studies re ported earlier were unable to discern CT improve ments.
There have been few prospective, longitudinal studies of CBF measurements among alcoholic sub jects without Wernicke-Korsakoff syndrome (Ber glund et a\., 1980; Berglund, 1981) . Recently, such a longitudinal study among a group of patients with Wernicke-Korsakoff syndrome has been reported from this laboratory (Meyer et aI., 1985) . Before instituting thiamine therapy and abstinence from al cohol in this group of patients with Wernicke-Kor sakoff syndrome, both cerebral gray and white matter flow values were significantly reduced com pared with those in age-matched normal controls; furthermore, both white and gray matter flows in creased significantly toward normal after treatment.
In an earlier study reported from this laboratory, CBF reductions had shown significant inverse re lationships with the amount of alcohol consumed among neurologically normal volunteers (Rogers et aI., 1983) .
This article now reports a study similar to that reported from this laboratory among Wernicke Korsakoff syndrome patients (Meyer et a\. 1985) except that chronic alcoholic individuals without the syndrome underwent measurements of CBF and brain volume before and after abstinence from alcohol. Results were compared with those from age-matched normal volunteers who did not con sume alcohol or consumed < 109/day.
MATERIALS AND METHODS
Ta ble 1 displays relevant demographic data among the 20 patients with longstanding alcohol dependency but without Wernicke-Korsakoff syndrome who agreed to participate in this study. The protocol and consent forms used prior to undergoing CBP studies and CT scanning were approved by the Institutional Review Boards of the Veterans Administration Medical Center and Baylor Col lege of Medicine, Houston, TX, U.S.A. All except one patient (case 2) were male and all were admitted to the Psychiatric Service of the VA Medical Center, Houston. Age, gender, cognitive status scored according to the cog nitive capacity screening examination (CCSE), treatment compliance, any abnormal neurological findings, median daily intake of alcohol, and duration of heavy drinking are listed in Ta ble 1.
All patients were examined by a neurologist, CT scans of the brain were obtained, and CBP values were mea sured by means of the radioactive xenon (133Xe) inhala tion method. These examinations were repeated among those patients who agreed to do so following abstinence from alcohol for 3-13 weeks. As might be expected, not all patients complied with treatment and some failed to return for follow-up examination. Complete blood count, blood chemistries, urine analysis, and liver function tests were performed. The mean age was 54.5 years and ranged from 35 to 68 years. All patients were asked to sign an agreement permitting total confinement on the psychi atric ward during detoxification and treatment and to re main under psychiatric supervision for at least 2-4 weeks. This ensured total withdrawal from alcohol, proper treatment of any withdrawal symptoms, plus psy chotherapy and counseling during and after detoxification as well as the maintenance of a nutritious diet under su pervision of a trained dietitian. Referral to the CBP Lab oratory and detailed neurological evaluations were de layed for 4-10 days until detoxification and recovery from any withdrawal symptoms were complete. This was to exclude acute effects of alcohol or withdrawal symp toms or impaired states of consciousness on both CBP measurements and test performances. All sedative med ications were discontinued for at least 48 h prior to re ferral to the CBF Laboratory.
All patients were diagnosed as suffering from chronic alcoholism (alcohol dependency) according to criteria es tablished by the National Council on Alcoholism (1972) . History of excessive alcohol consumption in the group of patients ranged from 2 to 40 years (mean :2:: SD. 19.1 :2:: 13.2 years). with a median daily intake of ethanol ex ceeding 80 g and ranging from 100-500 g/day (mean :2:: SD, 290 :2:: 120 g/day). This was determined from the patients' history and confirmed by interview with the family or friends. During detoxification, all showed trem ulousness and five showed symptoms of delirium tre mens. However. delirium tremens was absent in all at the time of their initial tests, and none had a history or phys ical signs of Wernicke-Korsakoff syndrome or gave a his tory of severe weight loss or malnutrition. The majority of patients were employed and married.
Patients were excluded if there was a prior history of severe head injury requiring hospitalization, any history of intracranial surgery, clinical signs of severe liver dis ease (jaundice, hepatomegaly. ascites with persistently abnormal liver function tests), abuse of psychotropic drugs other than alcohol. chronic use of anticonvulsant drugs, the presence of other non-alcohol-related en cephalopathies, chronic psychosis, or age exceeding 70 years.
Five patients failed to comply with treatment after the initial examination and either did not return for follow up or refused follow-up examination. The other 15 all complied well with treatment and returned for their follow-up examinations.
Cognitive functioning was quantitatively evaluated by CCSE scores according to Jacobs et al. (1977) . Scores among normal age-matched volunteers tested in this lab oratory ranged between 29 and 31. Reproducibility error is :2:: 1. If a patient's test score was below 25, which in dicates moderate to severe cognitive dysfunction, the pa tient was excluded to ensure that no cases of Korsakoff 's psychosis were included.
Large numbers of middle-aged and elderly volunteers have been recruited and examined at regular intervals in this laboratory during the past 8 years. They have agreed to participate in this and other investigations relating to normal aging, stroke, and dementia. Age-matched vol unteers were selected who were normal on general phys ical, neurological, and cognitive examinations, who were free from risk factors for stroke and arteriosclerosis, and who consumed zero or <10 g of alcohol per day (Cala and Mastaglia, 1981) . In all cases EEGs were normal. Diabetes mellitus, symptomatic arteriosclerotic heart disease, and hyperlipidemia were absent in all 20 patients. Three patients (cases 7, 13, and 15) gave a history of mild or moderate hypertension; however, their blood pres sures remained within normal limits throughout the study.
Clinical examinations were repeated in IS patients 3-13 weeks (mean ± SD, 5.4 ± 3.7 weeks) after abstinence from alcohol. CT scans were repeated in 14 patients and CBF measurements were repeated in 15 patients.
Indexes used for estimating brain volume by

CT scanning
All CT scans were performed utilizing an EMI 1010 scanner and the 80 x 80 matrix with 8-mm-thick colli mation for each tomographic section. Two cuts were se lected between 4 and 4.8 cm above the orbitomeatal line. Brain atrophy was measured by means of a millimeter rule from the x-ray transparencies of the CT scans using the following five standard indexes (Meyer et aI., 1985) : bifrontallbrain ratio, bicaudate/brain ratio, third ventric ular/brain ratio, sylvian fissure/brain ratio, and sulcal score, which is the sum of the width of the eight largest cortical sulci at the highest two tomographic levels. Measurements of regional CBF by 133Xe inhalation
Regional CBF (rCBF) values were measured by the 133Xe inhalation method utilizing external probes 1986 mounted over the scalp. This method was originally de scribed by Obrist et al. (1975) but was modified in this laboratory for clinical application (Meyer et aI., 1978) . Briefly, 16 collimated sodium iodide crystal scintillation detectors were mounted in a double radial array over both cerebral hemispheres to include frontal, precentral, syl vianopercular, parietal, anterior, posterior, and inferior temporal and occipital regions. Each external counter has a resolution of 7 cm3. Tr acer amounts of I33Xe gas «5-8 mCi/L) mixed with room air were inhaled for I min and administered by means of a close-fitting plastic face mask. Clearance curves of 'Y activity from the head and end-tidal air were recorded throughout 10 min of desat uration utilizing a minicomputer. Arterial concentrations for I33Xe were estimated from end-tidal air curves. Head curves were deconvoluted using the two-compartment model for analysis. The faster component was used to represent gray matter flow (F]) and the slower component was considered to represent white matter flow (F2). Con centrations of end-tidal CO2 and 02 were monitored from the face mask during each rCBF measurement. Blood pressure, EEG, and ECG were also recorded. Three-di mensional CBF measurements were also made during CT scanning by inhalation of stable xenon; however, these data are still being analyzed and will be reported later.
Methods used for statistical analysis
Data were calculated as mean values ± standard de viations. rCBF, mean hemispheric CBF, and indexes of brain atrophy were analyzed and compared between chronic alcoholic patients without Wernicke-Korsakoff syndrome and age-matched normals using Student's t test or the Mann-Whitney V test. To evaluate any effects of abstinence on CBF and brain volume as estimated by CT scans, mean values for CBF and mean indexes of brain volume were compared before and after abstinence by Student's t test. Significance of correlations was tested against the t distribution and statistical significance was set at p < 0.05.
RESULTS
Clinical evaluations
Scores of CC SE testing before withdrawal of al cohol ranged from 25 to 30 (mean ± SD, 28.5 ± 1.4), which indicates that the cognitive function of these patients was either within normal limits or mildly impaired. After alcohol withdrawal their CCSE scores did not significantly change. None of the patients showed abnormal eye signs, ataxic gait, or focal neurological abnormalities either before or after abstinence. Signs of mild sensory peripheral neuropathy were present in one patient (case 5) at the initial examination, and this improved after ab stinence. Table 2 illustrates estimates of brain volume mea sured by CT scans in the present series of patients with alcohol dependency without Wernicke-Kor sakoff syndrome compared with those from age matched normal volunteers. Three CT indexes of brain atrophy (the bifrontal/brain, third ventricular! brain, and sylvian fissure/brain ratio) showed sig nificant abnormalities among the chronic alcoholic patients. Table 3 compares CT indexes of brain atrophy measured before and after abstinence in chronic al coholic patients without Wernicke-Korsakoff syn drome. Among these patients who complied excel lently, the mean of three CT indexes (the bifrontal/ brain, third ventricular/brain, and sylvian fissure/ brain ratio) showed increased brain volume by Stu dent's t test.
Changes in brain volume
Gray and white matter CBF in chronic alcoholic patients without Wemicke-Korsakoff syndrome End-tidal partial pressure for CO2 and mean ar terial blood pressure values among the group of pa tients with alcohol dependency did not differ from those measured among age-matched normal vol unteers. Table 4 displays mean values for bihemi-spheric gray matter blood flow (F]) and white matter blood flow (F2) measured among chronic alcoholic patients. F] values were significantly reduced com pared with similar measurements in age-matched normals, but white matter values remained within normal limits. rCBF reduction in chronic alcoholic patients Figure I illustrates the regional percentage re ductions for gray matter blood flow (F]) values in the chronic alcoholic patients without Wernicke Korsakoff syndrome compared with similar mea surements among age-matched normal volunteers. These values were significantly reduced bilaterally in a diffuse and symmetrical manner.
Relationships among CBF, brain atrophy, and daily consumption and duration of drinking
In the group of chronic alcoholic patients, we were unable to find any significant correlation be tween the daily consumption or duration of drinking and reductions of mean bihemispheric CBF or rC BF values and degrees of reduced brain volume.
Gray and white matter CBF after abstinence Figure 2 illustrates significant increases in mean bihemispheric gray matter blood flow values that occurred after abstinence from alcohol. Figure 3 il lustrates the absence of any significant change in mean bihemispheric white matter blood flow after abstinence. Figure 4 illustrates ratios of mean right hemi spheric gray matter flow to mean left hemispheric gray matter flow before and after abstinence. These ratios did not significantly change after treatment. Figure 5 illustrates diffuse and symmetrical in creases in gray matter CBF in patients after absti nence which occurred in the absence of any changes in white matter blood flow.
DISCUSSION
Brain volume measurements in chronic alcoholic patients
It is well established that cerebral and cerebellar atrophy occurs in chronic alcoholic individuals. Au- 5.3 ± 1. 4" 11.6 ± 3. 0 b
3.6 ± 1. 7 6. 7 ± 3. 9 topsy and pneumoencephalography among patients with chronic alcoholism have revealed enlargement of ventricles (Haug, 1968; Brewer and Perrett, 1971; Victor et aI., 1971 ) with widening of cortical sulci and cerebellar atrophy, especially of the anterior vermis (Victor et aI., 1959) . The incidence of brain atrophy is high, even if there have been no signifi cant signs or symptoms of Wernicke-Korsakoff syn drome during life. CT scanning made it possible to obtain noninva sive assessments of cerebral volume during life. It was shown that alcoholic persons of all ages have larger cerebral sulci, cerebellar sulci, and cerebral ventricular volume compared with nonalcoholic persons. Bergman et al. (1980) reported cortical atrophy and increased ventricular volume in Swedish alcoholic subjects. Cala and Mastaglia (1980) reported that 67% of 59 patients without Wer nicke-Korsakoff syndrome and 95% of patients with Wernicke-Korsakoff syndrome showed cerebral atrophy, although Hill and Mikhael (1979h) did not find such a high incidence.
Measurements of brain volume among patients with Wernicke-Korsakoff syndrome measured in this laboratory indicated significant enlargement of the ventricles and cortical sulci as compared with age-matched normals (Meyer et aI., 1985) . Present results in chronic alcoholic patients without Wer nicke-Korsakoff syndrome indicate significant en largement of both ventricles and cortical sulci, al though decreases of brain volume are less severe Third ventricular/ Sylvian fissure/ Sulcal brain ratio brain ratio score (%) (%) (mm) 5.6 ± 1.3 11.5 ± 3.2 7.2 ± 1.1 4.2 ± l.4b 9.7 ± 2.9" 6.6 ± 0.8 than among patients with Wernicke-Korsakoff syn drome, confirming the observations of Cala and Mastaglia (1981) . The pathogenesis of cerebral and cerebellar atrophy in chronic alcoholic individuals remains un known, but the present observations suggest direct neurotoxic effects of alcohol as a cause of brain atrophy in the absence of signs of thiamine defi ciency. One factor contributing to diminished brain volume is the decreased cerebral blood volume caused by decreased cerebral metabolism resulting from alcoholic neurotoxicity (Kruger and Hoyer, 1979) .
Reduction of gray matter CBF in chronic alcoholic patients without Wernicke-Korsakoff syndrome
Present results show diffuse and significant re ductions of gray matter blood flow throughout the entire cerebral cortex examined among chronic al coholic patients without Wernicke-Korsakoff syn drome. Although several investigators have de scribed the effects of acute administration of al cohol or the effects of acute intoxication of ethanol on CBF and metabolism (Battey et aI., 1953; Fazekas et aI., 1955) , only a few studies of CBF and metabolism have been reported among chronic al coholic patients without Wernicke-Korsakoff syn drome. Kruger and Hoyer (1979) reported pro nounced reductions of CBF and CMR02 among three cases with chronic alcoholic dementia. Ber- metabolism as a result of the direct neurotoxic ef fects of alcohol on cerebral neurons.
Recent experimental reports confirm direct neu rotoxic effects of alcohol on the central nervous systems that are separate from any effects of thia mine deficiency (Noble and Te wari, 1973; Tewari et aI., 1978; Walker et aI., 1980; Durand and Carlen, 1984) . Walker et al. (1980) showed loss of hippo campal pyramidal and dentate gyrus granule cells among rats raised on an alcohol-containing diet, which occurred in the absence of malnutrition or thiamine deficiency. Durand and Carlen (1984) re corded depression of orthodromically elicited inhib- Percentage increases of regional gray matter blood flow values following abstinence from alcohol measured in chronic alcoholic patients without Wernicke-Korsakoff syn drome compared witt;! regional values prior to abstinence.
Mean time interval between CBF measurements was 5.4
weeks. Statistically significant increases are diffuse without regional differences.
itory postsynaptic potentials and spike-induced hy perpolarization in the hippocampal neurons of well nourished animals after chronic ethanol exposure. Alcohol is known to be an inhibitor of protein syn thesis in cerebral neurons. Te wari et a!. (1978) re ported inhibition both in vivo and in vitro of ribo nucleic acid and protein synthesis of brain tissue following long-term ethanol ingestion.
In the present study, any indirect effects of al cohol due to liver disease were excluded. Carlen et a!. (1981) and Berglund and Ingvar (1976) stressed that age-related reductions of CBP are more pro nounced in alcoholic individuals and suggested that chronic alcohol ingestion enhances the atrophic ef fects of normal aging, a conclusion supported by the present and earlier reports from this laboratory (Rogers et a!., 1983) . A number of investigators have reported similarities between the results of neuropsychological tests among middle-aged alco holic subjects compared with those of older nonal coholic subjects and concluded that the neurotoxic effects of alcohol enhance normal aging (Ryan, 1982) . age-independent reductions of white matter flow were caused by demyelination of the brain or by some other unknown hepatic mechanism. Loss of structural lipids of myelin and decreased concen trations of cerebrosides and phospholipids have been described in chronic alcoholic individuals at autopsy (Lesch et a!., 1972; Alling and Bostrom, 1980) . In a previous study of Wernicke-Korsakoff syndrome from this laboratory, significant reduc tions of white matter flow were found (Meyer et a!., 1985) . The present results were compared with those obtained previously in Wernicke-Korsakoff syndrome, and it was concluded that thiamine de ficiency appears to play a major role in decreasing white matter flow. Dreyfus (1965) demonstrated that transketolase activity, which is an important thiamine-dependent enzyme, necessary for the proper development and maintenance of myelin was decreased in the alcoholic brain. Thiamine defi ciency causes reductions of transketolase activity, resulting in reduced metabolism of oligodendro cytes. We believe this causes significant reductions of white matter flow.
Diffuse and symmetrical reductions of CBP in chronic alcoholic patients without Wernicke
Korsakoff syndrome
Many authors have reported cognitive deficits in chronic alcoholic subjects without Wernicke-Kor sakoff syndrome using more extensive psycholog ical test batteries than the CC SE used in the present study. Several hypotheses account for this. Alcohol is claimed to selectively disrupt functions of the right cerebral hemisphere (Tartar, 1975; Berglund et at., 1980) . Present results fail to show differences between mean right hemispheric gray matter flows compared with mean left hemispheric gray matter flows before and after abstinence. The theory of selective hemispheric neurotoxicity by alcohol is certainly not supported by the present observa tions.
Another hypothesis suggests that alcohol impairs the integrity of the frontal lobes. This hypothesis appears to be correct because with the two-dimen sional CBP method reported here, the blood flow of deep frontal and temporal structures cannot be accurately assessed.
Present results confirm diffuse reductions of gray matter flow in chronic alcoholic patients, compa rable with those seen in normal aging (Naritomi et a!., 1979; Yamaguchi et aI., 1980) , which supports the hypothesis that chronic alcohol consumption is a risk factor for accelerated aging of the brain and an earlier appearance of cognitive deficits (Rogers et aI., 1983) .
Effe ct of abstinence on brain volume in alcoholic patients without W ernicke-Korsakoff syndrome It is axiomatic that the best therapy for chronic alcoholic individuals is total abstinence. The present study supports this view, as all of our pa tients that returned for follow-up maintained total abstinence, and gray matter CBF increased to gether with brain volume in all these patients (Table  3) . This confirms the CT observations of Carlen et al. (1978) . Carlen et al. proposed that chronic ethanol abuse leads to neuronal damage, resulting in cerebral atrophy. They considered that some neu "ons and supporting glia are partially damaged by excessive alcohol, and regeneration of damaged neurons, supporting glia, and blood vessels may occur weeks to months after removal of alcohol. How brain volume is restored by abstinence re mains uncertain. Increases in blood flow and blood volume are certainly one factor, but other possibili ties include regeneration of attenuated neuronal processes and reversal of inhibited protein syn thesis (Noble and Tewari, 1973; Te wari et aI. , 1978; Walker et aI. , 1980; Durand and Carlen, 1984) . Carlen and Wilkinson (1980) measured brain den sity on CT scans before and after abstinence. They found no changes in CT density, suggesting that fluid shifts from the vascular to the parenchymal compartments are not a major factor for the rever sibility of decreased brain volume in chronic alco holic subjects.
The present study among chronic alcoholic pa tients without signs of nutritional deficiency or Wer nicke-Korsakoff syndrome revealed that gray matter blood flow and brain volume increased sig nificantly after abstinence. It is well known that ce rebral metabolism and cerebral circulation are tightly coupled. It has been shown that cerebral me tabolism and blood flow become depressed due to chronic consumption of alcohol (Kruger and Hoyer, 1979) . It has now been demonstrated that with drawal of chronic alcohol consumption in the ab sence of malnutrition results in increases of cerebral gray matter blood flow and restoration of brain volume toward normal.
